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(57) ABSTRACT

The mvention relates to a process for the production of
cthylene by oxidative dehydrogenation of ethane, compris-
ing: a) subjecting a stream comprising ethane to oxidative
dehydrogenation conditions, resulting in a stream compris-
ing cthylene, unconverted ethane and light components; b)
subjecting ethylene, unconverted ethane and light compo-
nents from the stream resulting from step a) to distillation,
resulting 1n a stream comprising ethylene and light compo-
nents and a stream comprising unconverted ecthane; c)
optionally recycling unconverted ethane from the stream
comprising unconverted ethane resulting from step b) to step

a); and d) subjecting ethylene and light components from the
stream comprising ethylene and light components resulting,
from step b) to distillation at a top column pressure which 1s
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higher than the top column pressure 1n step b), resulting in

a stream comprising light components and a stream com-
prising ethylene.
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SEPARATION OF ETHANE OXIDATIVE
DEHYDROGENATION EFFLUENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a national stage application of International Appli-
cation No. PCT/EP2019/079792, filed 31 Oct. 2019, which

claims benefit of priority to European Patent Application
No. 18204144.2, filed 2 Nov. 2018.

FIELD OF THE INVENTION

The present invention relates to a process for the produc-
tion ol ethylene by oxidative dehydrogenation (oxydehy-
drogenation; ODH) of ethane which comprises steps of
separating ethylene, unconverted ethane and light compo-

nents, such as carbon monoxide and methane, from ethane
ODH eflluent.

BACKGROUND OF THE INVENTION

It 1s known to oxidatively dehydrogenate alkanes, such as
alkanes containing 2 to 6 carbon atoms, for example ethane
or propane resulting 1n ethylene and propylene, respectively,
in an oxidative dehydrogenation (oxydehydrogenation;
ODH) process. Examples of alkane ODH processes, includ-
ing catalysts and other process conditions, are for example

disclosed 1n U.S. Pat. No. 7,091,377, W0O2003064035,
US20040147393, W0O2010096909 and US20100256432.
Mixed metal oxide catalysts containing molybdenum (Mo),
vanadium (V), niobium (Nb) and optionally tellurium (Te)
as the metals, can be used as such oxydehydrogenation
catalysts.

WO2010113108 discloses a process for the oxidative
dehydrogenation of ethane to ethylene, comprising: contact-
ing an ethane feed and an oxygen-containing gas in the
presence ol an oxidative dehydrogenation catalyst in an
oxidative dehydrogenation reaction zone under conditions to
oxidatively dehydrogenate at least a portion of the ethane to
produce a product stream comprising ethylene, carbon
oxides, water, and unreacted oxygen and ethane, wherein an
oxygen concentration in the product stream 1s at least 0.1
mol %; contacting the product stream with an oxygen
climination catalyst in an oxygen elimination reaction zone
to combust at least a portion of the oxygen; recovering from
the oxygen elimination reaction zone an effluent having a
reduced oxygen content; separating water from the effluent;
separating carbon oxides and any non-condensable gas(es)
from the ethylene and the unreacted ethane; and separating
the ethylene from the unreacted ethane.

It 1s desired to separate ethylene from unconverted ethane
and from light components, such as carbon monoxide and
methane, 1 a technically advantageous and eflicient way.
Therefore, 1t 1s an object of the present imnvention to provide
a process which comprises steps of separating ecthylene,
unconverted ethane and light components from ethane ODH
cllluent as produced in an ethane ODH step, which combi-
nation ol separation steps 1s technically advantageous, efli-
cient and affordable. Such technically advantageous process
would preferably result 1n a lower energy demand and/or
lower capital expenditure.

SUMMARY OF THE INVENTION

It was found that the above-mentioned object may be
achieved 1n a process wherein 1 a first distillation step
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cthylene and light components are separated from uncon-
verted ethane and 1n a later, second distillation step ethylene
1s separated from light components, wherein the top column
pressure 1n said first distillation step 1s lower than the top
column pressure 1n said second distillation step.

Accordingly, the present invention relates to a process for
the production of ethylene by oxidative dehydrogenation of
cthane, comprising:

a) subjecting a stream comprising ethane to oxidative
dehydrogenation conditions, resulting 1n a stream compris-
ing ethylene, unconverted ethane and light components;

b) subjecting ethylene, unconverted ethane and light
components from the stream resulting from step a) to
distillation, resulting in a stream comprising ethylene and
light components and a stream comprising unconverted
ethane;

c) optionally recycling unconverted ethane from the
stream comprising unconverted ethane resulting from step b)
to step a); and

d) subjecting ethylene and light components from the
stream comprising ethylene and light components resulting
from step b) to distillation at a top column pressure which 1s
higher than the top column pressure 1n step b), resulting in
a stream comprising light components and a stream com-
prising cthylene.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a process for separating ethylene, ethane
and light components which 1s not 1 accordance with the
present 1nvention.

FIG. 2 depicts an embodiment for separating ethylene,
cthane and light components which 1s 1n accordance with the
present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The process of the present mvention comprises steps a),
b), ¢) and d), wherein step c¢) 1s optional, as described
hereinbelow. Said process may comprise one or more inter-
mediate steps between steps a) and b), between steps b) and
¢), and between steps ¢) and d). Further, said process may
comprise one or more additional steps preceding step a)
and/or following step d).

While the process of the present invention and streams
used 1n said process are described 1n terms of “comprising’”,
“containing’”’ or “including” one or more various described
steps and components, respectively, they can also “consist
essentially of” or “consist of” said one or more various
described steps and components, respectively.

In the context of the present invention, 1n a case where a
stream or a catalyst comprises two or more components,
these components are to be selected 1n an overall amount not
to exceed 100 vol. % or 100 wt. %, respectively.

Further, where upper and lower limits are quoted for a
property then a range of values defined by a combination of
any of the upper limits with any of the lower limits 1s also
implied.

In the present invention, the light components may com-
prise one or more components selected from carbon mon-
oxide, methane, nitrogen and carbon dioxide. Said carbon
monoxide and carbon dioxide are undesired side-products
that may be produced 1in ethane ODH step a). Further, said
methane may be present as a contaminant in the feed of
cthane to ethane ODH step a). Still further, said nitrogen
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may originate from any air used in ODH step a) or may be
an 1mpurity in (enriched) oxygen used in ODH step a).

In step b) of the process of the present invention ethylene,
unconverted ethane and light components from the stream
resulting from ethane oxidative dehydrogenation step (eth-
ane ODH) step a) are subjected to distillation, resulting 1n a
stream comprising ethylene and light components and a
stream comprising unconverted ethane. Preferably, 1n step b)
the top column pressure 1s in the range of from 15 to 25 bara.
Further, preferably, in step b) the top column temperature 1s
in the range of from -20 to —45° C. The present invention
1s characterized 1n that the top column pressure 1n said first
distillation step b) 1s lower than the top column pressure 1n
later, second distillation step d).

Thus, surprisingly, in step b) of the present process
cthylene, unconverted ethane and light components from the
stream resulting from ethane ODH step a) may be com-
pressed to a relatively low pressure before it 1s subjected to
the distillation. This advantageously results in a more energy
cilicient process. Further, this advantageously results 1n that
the reflux ratio for the distillation column used in said step
b) can also be kept relatively low. Furthermore, the purity of
cthane and ethylene after separation 1n the present process 1s
still high. These and other advantages are demonstrated 1n
the Examples below.

In the present invention, step b) 1s carried out in a
distillation column. The number of theoretical stages in the
distillation column used 1n step b) may be of from 80 to 120,
preferably 90 to 110. Further, the reflux ratio may be of from
1 to 10, preferably 2 to 8. By said “reflux ratio”, reference
1s made to the molar ratio of the molar flow rate of the
“reflux stream”, which 1s that part of the stream that leaves
the condenser at the top of the distillation column which 1s
sent back to that column, divided by the molar tlow rate of
the “distillate”, which 1s that part of the stream that leaves
the condenser at the top of the distillation column which 1s
not sent back to that column

In optional step ¢) of the process of the present invention
unconverted ethane from the stream comprising uncon-
verted ethane resulting from distillation step b) 1s recycled to
cthane ODH step a).

In step d) of the process of the present invention ethylene
and light components from the stream comprising ethylene
and light components resulting from distillation step b) are
subjected to distillation at a top column pressure which 1s
higher than the top column pressure in distillation step b),
resulting 1n a stream comprising light components and a
stream comprising ethylene. In the present mmvention, it 1s
preferred that the ratio of the top column pressure in step d)
to the top column pressure in step b) i1s at least 1.1, more
preferably at least 1.3, more preferably at least 1.5, most
preferably at least 1.7. Further, 1n the present invention, 1t 1s
preferred that the ratio of the top column pressure in step d)
to the top column pressure in step b) 1s at most 5:1, more
preferably at most 4:1, more preferably at most 3:1, most
preferably at most 2:1. Preferably, in step d) the top column
pressure 1s in the range of from 20 to 40 bara. Further,
preferably 1n step d) the top column temperature i1s in the
range of from —-80 to —110° C. Thus, as described above, the
top column pressure 1n first distillation step b) 1s lower than
the top column pressure 1n said later, second distillation step
d).

In the present invention, step d) 1s carried out 1n a
distillation column. The number of theoretical stages 1n the
distillation column used 1n step d) may be of from 30 to 70,
preferably 40 to 60. Further, the reflux ratio may be of from

0.1 to 3, preferably 0.5 to 3.
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In the present process, the stream comprising ethylene
and light components resulting from step b) may be cooled
by utilizing the temperature of the stream comprising uncon-
verted ethane resulting from step b), resulting 1n a cooled
stream comprising cthylene and light components. Such
cooling can be performed by first expanding (depressuriz-
ing) the stream comprising unconverted ethane resulting
from step b).

Further, preferably, in the present process, the above-
mentioned cooled stream comprising ethylene and light
components 1s separated into a gas stream and a liquid
stream, for example 1n a flash vessel. Said gas stream 1s
compressed and then further cooled, for example by utiliz-
ing the temperature of the stream comprising unconverted
cthane resulting from step b). Said streams comprising
cthylene and light components are then fed to step d) of the
present invention. Still further, after cooling one or more of
the above-mentioned streams, the stream comprising uncon-
verted ethane resulting from step b) may be recycled to
cthane ODH step a).

In step a) of the process of the present invention, a stream
comprising ethane 1s subjected to oxidative dehydrogenation
conditions, resulting 1 a stream comprising ecthylene,
unconverted ethane and light components.

In step a) of the present process, the stream comprising
cthane may be contacted with an oxidizing agent, thereby
resulting 1n oxidative dehydrogenation of the ethane. The
oxidizing agent may be any source containing oxygen, such
as for example air.

Ranges for the molar ratio of oxygen to ethane which are
suitable, are of from 0.01 to 1, more suitably 0.05 to 0.5.

In step a) of the present process, a catalyst may be used
which may be a mixed metal oxide catalyst contaiming
molybdenum, vanadium, niobium and optionally tellurtum
as the metals, which catalyst may have the following for-
mula:

MO,V Te,Nb O,

wherein:

a, b, ¢ and n represent the ratio of the molar amount of the
clement 1n question to the molar amount of molybdenum
(Mo);

a (for V) 1s from 0.01 to 1, preferably 0.05 to 0.60, more
preferably 0.10 to 0.40, more preferably 0.20 to 0.35, most
preferably 0.25 to 0.30;

b (for Te) 1s either O or from >0 to 1, preferably 0.01 to
0.40, more preferably 0.05 to 0.30, more preferably 0.05 to
0.20, most preferably 0.09 to 0.15;

¢ (for Nb) 1s from >0 to 1, preferably 0.01 to 0.40, more
preferably 0.05 to 0.30, more preferably 0.10 to 0.25, most
preferably 0.14 to 0.20; and

n (for O) 1s a number which 1s determined by the valency
and frequency of elements other than oxygen.

In step a) of the present process, a catalyst may be used
as a pelletized catalyst, for example 1 the form of a fixed
catalyst bed, or as a powdered catalyst, for example 1n the
form of a fluudized catalyst bed.

Examples of oxydehydrogenation processes, including
catalysts and other process conditions, are for example
disclosed 1n above-mentioned U.S. Pat. No. 7,091,377,
W02003064035, US20040147393, W0O2010096909 and
US20100256432, the disclosures of which are herein incor-
porated by reference.

In step a) of the present process, a catalyst may be used
in any amount. The amount of the catalyst 1n said step a) 1s
not essential. Preferably, a catalytically eflective amount of
a catalyst 1s used, that 1s to say an amount suflicient to
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promote the ethane oxydehydrogenation reaction. Although
a specific quantity of a catalyst 1s not critical to the inven-
tion, preference may be expressed for use of a catalyst in
such an amount that the gas hourly space velocity (GHSV)
is of from 100 to 50,000 hr™', suitably of from 200 to 20,000
hr~*, more suitably of from 300 to 15,000 hr™', most suitably
of from 500 to 10,000 hr™'.

In step a) of the present process, typical reaction pressures
are 0.1-20 bara, and typical reaction temperatures are 100-
600° C., suitably 200-500° C.

In general, the product stream resulting from step a)
comprises water in addition to the desired product. Water
may easily be separated from said product stream, prior to
performing step b) of the present process, for example by
cooling down the product stream from the reaction tempera-
ture to a lower temperature, for example room temperature,
so that the water condenses and can then be separated from
the product stream.

The invention 1s further illustrated by the following
Examples.

EXAMPLES

The present invention 1s i1llustrated 1n the Example below
and a comparison 1s made with the Comparison Example
below. FIG. 1 schematically shows the setup used in the
Comparison Example, whereas FI1G. 2 schematically shows
the setup used 1n the Example.

Comparison Example [FIG. 1]

A gas stream comprising 36.6 wt. % of ethylene, 49.6 wt.
% of ethane and 13.8 wt. % of light components (carbon
monoxide, methane, nitrogen and carbon dioxide), and
having a temperature of 38° C. and a pressure of 1.1 bara,
1s compressed to 36 bara by compressor 1 comprising 4
compression stages and then cooled to a temperature of 2.8°
C. 1n a heat exchanger. Then said stream 1s fed to distillation
column 2 having 120 theoretical stages and distilled (reflux
ratio (molar)=10.8), resulting in a top stream (1.¢. distillate)
comprising ethylene and light components and having a
temperature of —17.6° C. and a pressure of 34 bara, and in
a bottom stream comprising ethane (ethane purity=99.9
mole %; ethane recovery=99.93%) and having a temperature
of 17.3° C. The bottom stream 1s subjected to a depressur-

ization step resulting 1n a stream having a temperature of

—-47.6° C. and a pressure of 6 bara. The cooling duty for the
condenser of distillation column 2 is provided by a propane
refrigeration cycle (having a temperature of —=38° C.).

The above-mentioned top stream comprising ethylene and
light components 1s then cooled to a temperature of —=32.7°
C. by utilizing the low temperature of the above-mentioned
depressurized bottom stream comprising ethane, and 1s then
turther cooled to a temperature of -32.9° C. in a heat
exchanger. Then said stream 1s fed to distillation column 3
having 50 theoretical stages and distilled (reflux ratio (mo-
lar)y=1.7), resulting 1n a top stream comprising light com-
ponents and having a temperature of —96° C. and a pressure
of 33 bara, and 1n a bottom stream comprising ethylene
(ethylene purity=99.9 mole %; ethylene recovery=99.0%)
and having a temperature of -7.9° C. The cooling duty for
the condenser of distillation column 3 1s provided by an
cthylene refrigeration cycle (having a temperature of —98°

C.).

Example [FIG. 2]

A gas stream comprising 36.6 wt. % of ethylene, 49.6 wt.
% of ethane and 13.8 wt. % of light components (carbon
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monoxide, methane, nitrogen and carbon dioxide), and
having a temperature of 38° C. and a pressure of 1.3 bara,
1s compressed to 36 bara by compressor 1 comprising 4
compression stages and then cooled to a temperature of 2.8°
C. 1n a heat exchanger. Then said stream 1s fed to distillation
column 2 having 100 theoretical stages and distilled (reflux
ratio (molar)=5.3), resulting 1n a top stream comprising
cthylene and light components and having a temperature of
—-38.5° C. and a pressure of 18.5 bara, and 1n a bottom stream
comprising ethane (ethane purity=99.9 mole %; ethane
recovery=99.93%) and having a temperature of -7.5° C. The
bottom stream 1s subjected to a depressurization step result-
ing in a stream having a temperature of —47.6° C. and a
pressure of 6 bara. The cooling duty for the condenser of
distillation column 2 1s provided by a propane refrigeration
cycle (having a temperature of -38° C.).

The above-mentioned top stream comprising ethylene and
light components 1s then cooled to a temperature of —46.6°
C. by utilizing the low temperature of the above-mentioned
depressurized bottom stream comprising ethane. Then said
stream 1s fed to flash vessel 4 wherein the stream 1s separated
into a gas stream and a liquid stream. The latter gas stream
1s compressed to 35 bara by compressor 5 comprising 1
compression stage and then further cooled to a temperature
of —47.6° C. by utilizing the low temperature of the above-
mentioned depressurized bottom stream comprising ethane.
Then both said streams are fed to distillation column 3
having 50 theoretical stages and distilled (reflux ratio (mo-
lar)=0.9), resulting 1n a top stream comprising light com-
ponents and having a temperature of —-96° C. and a pressure
of 33 bara, and 1in a bottom stream comprising ethylene
(ethylene purity=99.9 mole %; ethylene recovery=99.0%)
and having a temperature of -7.9° C. The cooling duty for
the condenser of distillation column 3 1s provided by an
cthylene refrigeration cycle (having a temperature of —98°
C.).

In the table below, the compression and refrigeration
energy needed to separate (and recover) the components
from a stream comprising ethylene, ethane and light com-
ponents 1s 1mcluded for the Comparative Example and the

Example. Said energy 1s expressed as kilowatt hour (“kWh”;
1 kWh=3.6 megajoules) per kilogram (kg) of ethylene.

Comparative

Energy [KkWh/kg ethylene] Example Example
Compressor 1 0.33 0.26
Condenser column 2 0.93 0.61
Propane compressor 0.39 0.37
Compressor 3 0 0.01
Condenser column 3 0.04 0.02
Ethylene compressor 0.03 0.01
TOTAL 1.72 1.28

From the table above, 1t surprisingly appears that the total
energy needed to separate (and recover) the components
from a stream comprising ethylene, ethane and light com-
ponents 1s advantageously lower 1n the Example, wherein in
accordance with the present invention in a first distillation
step ethylene and light components are separated from
cthane and 1n a later, second distillation step ethylene 1is
separated from light components, wherein the top column
pressure 1n said first distillation step 1s lower than the top
column pressure 1n said second distillation step, than the
total energy needed in the Comparison Example wherein the
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top column pressure 1n said first distillation step 1s higher
than the top column pressure in said second distillation step.

That which 1s claimed 1s:

1. A process for the production of ethylene by oxidative

dehydrogenation of ethane, comprising:

a) subjecting a stream comprising ethane to oxidative
dehydrogenation conditions, resulting 1n a stream com-
prising ethylene, unconverted ethane and light compo-
nents;

b) subjecting ethylene, unconverted ethane and light
components from the stream resulting from step a) to
distillation, resulting 1n a stream comprising ethylene
and light components and a stream comprising uncon-
verted ethane:

c) optionally recycling unconverted ethane from the
stream comprising unconverted ethane resulting from
step b) to step a); and

d) subjecting ethylene and light components from the
stream comprising ethylene and light components
resulting from step b) to distillation at a top column
pressure which 1s higher than the top column pressure
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in step b), resulting 1n a stream comprising light com-
ponents and a stream comprising ethylene.

2. The process according to claim 1, wherein the ratio of
the top column pressure in step d) to the top column pressure
in step b) 1s at least 1.1.

3. The process according to claim 1, wherein the ratio of
the top column pressure in step d) to the top column pressure
in step b) 1s at most 5:1.

4. The process according to claim 1, wherein 1n step b) the
top column pressure 1s 1n the range of from 15 to 25 bara.

5. The Process according to claim 1, wherein 1n step d) the
top column pressure 1s in the range of from 20 to 40 bara.

6. The process according to claim 1, wherein 1n step b) the
top column temperature 1n the range of from -20 to —45° C.

7. The process according to claim 1, wherein 1n step d) the

top column temperature in the range of from -80 to -110°
C.

8. The process according to claim 1, wherein the light
components comprise one or more components selected

from carbon monoxide, methane, nitrogen and carbon diox-
1de.
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